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I. 
INTRODUCTOEY. 
In a  preceding investigation (1)  upon certain properties of para- 
casein,  we  attempted  to  identify  paracasein  by  physicochemical 
means. 
Paracaseins were prepared by coagulating milk by means of rennin 
or pepsin preparations, puri/ying the resulting paracasein in the same 
way as  was done in the case of casein (2).  Such preparations, free 
from any proteolytic enzyme, were then tested for their solubility in 
water and for their solubility in dilute NaOH solutions at  two tem- 
peratures.  It was found that although paracasein at about 6°C. dis- 
solves in water to the same extent as casein, the capacity to bind base 
was distinctly different from that of casein.  While casein at 21  to 
37°C. dissolves in combination with base to the extent of about 2100 
gm. per tool of NaOH added (2, 3), most of the paracasein preparations 
combined with NaOH  in this temperature range with a  combining 
weight of 1450 gm. 
The ratio of the equivalent combining weight of casein to the com- 
bining weight of paracasein is as 1 to 1.45.  Solubility measurements 
at 5°C. indicated that the same relationship held true for these pro- 
teins at low temperature. 
In the present investigation, we have studied further some of the 
other properties of paracasein  preparations,  among which are  the 
hydrogen ion activity in systems composed of paracasein and base, 
and the maximum base-binding capacity of certain paracaseins. 
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In a previous investigation, we have reported solubility measure- 
ments upon Paracasein Preparation VI.  Unlike the other five para- 
casein preparations this one had a combining  weight of about 1700 gin. 
with NaOH.  Some of the properties of this paracasein have been in- 
vestigated further. 
During the course of the preparation of paracasein we have noted 
(1)  the appearance of certain hydrolytic products.  This suggested 
the possibility of preparing paracasein by a partial hydrolysis of casein 
in alkaline solutions. 
Finally,  we shall  attempt to  summarize the differences between 
paracasein and casein. 
II, 
The Hydrogen Ion Activity in a System  Composed o/Paracasein 
and NaOH. 
The estimate of the hydrogen ion activity in systems composed of 
paracasein and NaOH was made both colorimetrically and electro- 
metrically. 
Cotorimetrical Method.-- A sample of paracasein, previously washed 
with distilled water, was placed in  a  bottle.  This suspension was 
vigorously agitated by means of a stirrer and NaOH was added, then 
a  10 cc. sample was pipetted out, filtered, and the pH of the solution 
determined colorimetrically, using methyl red or brom thymol blue. 
An additional 10 cc. of NaOH was then added to the bottle.  Thus 
the volume of the suspension was always kept constant. 
Let m be the initial amount of paxacasein in the system.  Let a be 
the total volume, q the volume of the sample taken for each measure- 
ment.  The amount of paracasein left after the nth removal is given 
by  the  following expression: 
x  =  gin. of l~racasein  left  -~  re(l--q/a) ~ 
q --- 10 cc., a  --- 200 cc. and m  =  3.47 gin.  The equation assumes the 
form 
log x  ==  0.5403  --  0.023n. 
From this equation and known values of n, the values given in Table 
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Electrometricel Method.--To known amounts of paracasein prepara- 
tions were added varied amounts of NaOH.  The samples were then 
shaken for a time extending from 9 to 48 hours at temperatures ranging 
from 20 to 25°C.  The hydrogen ion activity was determined poten- 
TABLE  I. 
Titration of Paracasein. 
Colorhnetric Titration. 
Initial amount of protein: 3.47 gin. in 200 cc. 
m  Mols NaOH X 10-s to 1 gin.  pH 
(1)  (2)  (s) 
Paracasein II 
4 
5 
6 
7 
8 
9 
10 
5.34 
9.40 
13.9 
18.8 
24.3 
32.0 
36.8 
5.4 
(5.8) 
5.85 
5.9 
6.0 
6.05 
6.2 
Electrometric Titration. 
Mols NaOH X 10-6 to 1 gin.  Temperature  pH 
Paracasein I 
21.3 
37.7 
52.2 
69.5 
°C. 
23.9 
24.1 
24.6 
22.6 
6.12 
6.36 
6.65 
7.16 
Psracasein II 
20.5  23.1  5.98 
65.0  21.0  6.77 
70.0  23.6  7.15 
tiometrically against a  saturated calomel electrode.  Saturated KC1 
was used for a bridge.  The data were not corrected for the diffusion 
potential. 
The results of the electrometrical titration of Paracasein Prepara- 
tions I and II are given in Table I.  Both the colorimetric titrations 242  EFFECT  O~"  RENNIN  UIN)N  CASEIN.  II 
of Paracasein Preparation II and the electrometric titration of Para- 
casein Preparations I  and II  are graphically represented in  Fig.  1, 
together with the titration  curve of casein  (4). 
It is evident that paracasein behaves as though it were a stronger 
acid than  casein.  At  any  point  of  the  titration  curve  an  equal 
amount of base brings casein to a less acid reaction than paracasein. 
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The titration  of paraeasein. 
By comparing the combining weights of casein and paracasein to- 
ward NaOH we have already arrived (1)  at the conclusion that para- 
casein has a greater number of acid groups than casein.  A  compari- 
son of the titration curves of these two proteins  substantiates  this 
conclusion: paracasein is a  stronger acid than casein. VLADIMIR  PERTZOFF  243 
III. 
The Maximum  Base-Combining  Capacity  o/ Paracasein. 
The maximum base-combining capacity of a protein may be defined 
as being the largest amount of base which will combine with a given 
amount of protein. 
The amount of base bound may best be estimated (5) by calculating 
the amount of free base in solution and subtracting this value from the 
amount of base  added.  The difference yields the amount of base 
bound by the protein.  When this difference remains constant, ffpon 
further addition of base, the maximum base-combining capacity has 
been reached. 
The maximum base-combining capacity of paracasein was estimated 
as follows: To a known amount of the protein an excess of base was 
added, the solution shaken for a short period of time, and its hydrogen 
ion  activity estimated  electrometrically.  The base  found was  cal- 
culated following the method already described (5).  The results of 
these experiments are given in Table II. 
In an extensive investigation upon the maximum base-combining 
capacity of casein, Cohn and Berggren (5) found that this property of 
casein depends upon the method used for the preparation of the pro- 
tein.  Preparations  which  were  brought  to  an  alkaline  reaction 
during their purification were found to  bind more base  than those 
which  were  never  subjected  to  alkalinities  greater  than  pH  7.00. 
Two limits were thus discovered, the lowest representing a  casein of 
a maximum base-combining capacity of 138  X  10 -5 tools of NaOH 
per  1  gin.,  and  the  highest,  the  casein  modified  by  an  alkaline 
treatment, binding as much as 185  ×  10 -5 tools of NaOH per 1 gin. 
These two limits are of considerable interest to the chemistry  of casein. 
As  it  has  been  shown  elsewhere  (3)  these  limits  yield  multiple 
relationships with other constants derived from the study of casein. 
The reciprocal of the equivalent combining weight of paracasein, 
1450 gin., i.e., the amount of base necessary to dissolve 1 gin. of para- 
casein, is 69  ×  10 -5 tools of NaOH.  The corresponding figure for 
casein is 47.5  X  10 -5 tools  (2).  The difference between these two 
values is 21.5  X  10 -5 tools. 244  EFFECT  OF  RENNIN  UPON  CASEIN.  II 
TABLE  II. 
The Maximum Base-Combining Capacity of Paraca~in. 
Temperature 22.0  4- 0.5°C. 
Preparation 
NO. 
(1) 
Experi- 
ment ~o. 
(2) 
Para- 
casein in 
1 liter 
(3) 
gm. 
12.70 
12.70 
12.70 
13.02 
13.02 
13.02 
13.34 
13.34 
13.34 
Concen- 
tration 
of NaOH 
(4) 
mals 
0.030 
0.030 
0.030 
0.040 
0.040 
0.040 
0.050 
O. 050 
0.050 
pOH 
(s) 
2,132 
2,148 
2,143 
1.808 
1.817 
1.811 
1.616 
1.616 
1.631 
pNaOH 
(pOH -- 
p~r) 
(6) 
2.073 
2.089 
2.082 
1.743 
1.752 
1.746 
1.545 
1.545 
1.560 
Concen- 
tration 
of free 
NaOH 
(7) 
rnols 
0.0085 
0.0082 
O. 0082 
0.0181 
0.0177 
0.0179 
0.0285 
0.0285 
0.0275 
Base 
Base  bound 
bound  I  gm. 
(4) -- (7)  paracasei] 
(8)1(3) 
(8)  (9) 
rnols 
0.0215  0.0169 
0.0218  0.0172 
0.0218  0.0172 
0.0219  0.0168 
0.0223  0.0171 
0.0221  0.0170 
0.0215  0.0161 
0.0215  0.0161 
0.0225  0.0169 
Average  ..............................................................  0.0168 
12.40 
12.40 
12.40 
I1.60 
11.60 
"11.60 
11.86 
11.86 
11.86 
11.86 
II 
II 
II 
II 
II 
lI 
II 
II 
II 
II 
0.030  2.190 
0.030  2.183 
0.O30  2.199 
0.040  1.812 
0.040  1.795 
0.O4O  1.795 
0.050  [  1.593 
I 
0.050  I  1.608 
I 
0.050  1.610 
0.050  1.599 
2.131 
2.124 
2.140 
1.746 
1.730 
1.730 
1.522 
1,537 
1.539 
1.528 
0.0074  0.0226  0.0182 
0.0075  0.0225  0.0181 
0.0073  0.0227  0.0183 
0.0179  0.0221  0.0190 
0.0186  0.0214  0.0184 
0.0186  0.0214  0.0184 
0.0301  0.0199  0.0168 
0.0290  0.0210  0.0177 
0.0289  0.0211  0.0178 
0.0296  0.0204  0.0172 
Average .............................................................  0.0180 
III  7.70  0.030  I  1.812  1.753  0.0177  0.0123  0.0160 
IIl  7.70  0.0301  1.835  1.776  0.0168  0.0132  (0.0171) 
III  7.70  0.030  1.817  1.756  0.0175  0.0125  0.0162 
III  7.70  0.030  1.823  1.764  0.0172  0.0128  0.0166 
III  7.72  0.040  1.617  1.552  0.0281  0.0119  0.0154 
III  7.72  0.040  1.617  1,552  0.0281  0.0110  0.0154 
III  7.72  0.040  1.619  1.554  0.0279  0.0121  0.0157 
III  7.76  0.025  1.967  1,912  0.0122  0.0128  0.0167 
III  7.76  0.025  1.961  I  1.906  0.0124  t 0.0126  0.0164 
Average  .............................................................  0.0164 VLADIMIR  PERTZOFF,  245 
The lowest mount of base which paracasein binds at maximum is 
164 X 10 -5 tools per 1 gin. (Table II).  The lowest amount for casein, 
according to Cohn and Berggren (5) is 136 X  10 -5 tools.  The differ- 
ence is 28 ×  10 -5 tools. 
Comparing this value with the one representing the amount of base 
which paracasein binds in excess over casein in passing into solution, 
the following conclusion may be drawn: the increase of the maximum 
combining capacity of paracasein over the combining capacity of an 
"unmodified" casein is sufficient to account for the excess of base bound 
by paracasein over casein while passing into solution. 
~Vo 
Is It Possible to Produce Paracasein from Casein by a Partial 
Hydrolysis  of the Latter? 
Paracasein binds more base at saturation than does an "unmodified" 
casein.  This suggested the possibility that a casein preparation hav- 
ing a high maximum base-binding capacity, bears a certain relation to 
paracasein.  Therefore, Casein Preparation XXD  was selected, the 
maximum  base-binding capacity of which was determined by Cohn and 
Berggren (5).  This preparation, treated during the course of its prepa- 
ration by an excess of alkali, bound 184 ×  10  -5 tools of NaOH per gin. 
The solubility measurements in NaOH at 5°C. yielded the following 
fi~,,ures: With  1.00  ×  10 -5 tools of base  -  1.92 nag. N  passed  into 
solution,--with 5.00 ×  10 -5-10.2 nag. 1330 gin. passed into solution 
per 1 tool of NaOH added.  According to our previous experiments 
(3)  the  combining weight of  a  natural  casein in  a  corresponding 
solubility range and temperature, is  1300  gin.  Casein Preparation 
XXD thus behaves identically to a natural casein in this respect and 
bears no relation to paracasein. 
During the course of the preparation of paracasein we noted the 
appearance of hydrolytic products soluble in water at pH. 4.7.  This 
suggested the possibility that paracasein was a product of a partial 
hydrolysis of  casein.  We,  therefore,  sought to  produce paracasein 
from casein by a partial hydrolysis of the latter. 
For this purpose, part of the Casein Preparation XXV was dis- 
solved by an addition of NaOH until the pH of the solution reached 246  EFFECT  OF  RENNIN  UPON  CASEIN.  II 
6.5.  The solution was left undisturbed for 1 month at a temperature 
of about 24°C.  Then the casein in  solution was precipitated by a 
slow addition of HC1 to  pH  4.7 and extensively washed in  distilled 
water.  Samples of this casein were then brought into intimate con- 
tact with known amounts of NaOH in the way described (2), and the 
amount of the nitrogen in solution determined.  The results of this 
experiment are recorded in Table III  (Experiment 8). 
TABLE  III. 
The Solubility in NaOH of Casein Preparations Partially Recovered  fro'm 
ttydrolyzed  Solutions. 
Temperature  at which the solubility measurements were carried out:  25°C. 
Experi-  Casein 
raent No.  preparation 
(t)  (2) 
8  XXV 
18  " 
21  " 
18  " 
21  " 
53  X~XVII 
55  " 
Treatment 
(~) 
Dissolved for 30  days at pH 6.5 at 
24°C., reprecipitated  and washed 
at isoelectric point 
Dissolved for 70 hrs. at pH 11.0 at 
30°C., reprecipitated as above 
Dissolved for 11 days at pH 9.40 at 
20°C. 33 per cent hydrolyzed, re- 
precipitated as above 
I 
Til ae for  [ Amoun 
e. luili-  [ of NaO: 
blation  I  added 
I 
_  (4)  (5) 
i gx 
2.00 
4.00 
8.00 
2.00 
6.00 
8.00 
Solubility 
mg.N 
dissolved 
per 100 
gm. of 
H,O 
(6) 
5.7 
5.9 
12.9 
12.7 
6.0 
13.3 
18.7 
18.2 
25.2 
6.2 
18.8 
23.8 
Another part of the same preparation was subjected to a more vigor- 
ous hydrolysis.  It was brought to pH 11.0 and kept for 70 hours at 
a temperature of 30°C.  The casein left unhydrolized, was precipitated 
as  before, washed, and its solubility in NaOH determined (Experi- 
ments 18,  21,  Table III). 
An attempt not only to hydrolyze part of the casein, but  also to 
measure the amount of casein hydrolyzed, was made upon  Casein VLADIMIR  PERTZOFF  247 
Preparation XXVII.  Part of this preparation was brought by NaOH 
to pH 9.40 and kept dissolved for 11  days at a  temperature of 20°C. 
The casein was then precipitated as before and the amount of soluble 
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FIG. 2.  The  solubility  of casein in NaOH,  partially  recovered from hydro- 
lyzed  solutions. 
nitrogen  at pH  4.7  determined.  The  amount  of  nitrogen  found in 
solution was reckoned  as the amount of casein  hydrolyzed.  33  per 
cent of the original amount of casein was found to be in  solution. 248  EFFECT  OF  RENNIN  UPON  CASEIN.  II 
The results of these experiments are recorded in Table III (Experi- 
ments 53 and 55). 
In Fig. 2 we have plotted the results and calculated the value of 
the  equivalent combining weight. 
Upon inspection of this chart as well as of Table III it seems evi- 
dent that all the caseins have identical solubility in NaOH, and further- 
more that their capacity to bind base is similar to the natural casein. 
2100  +100 gin. may be assigned (2, 3) to the equivalent combining 
weight of casein.  The result of our calculation yields 1950 gin. 
It seems, therefore, plausible to  conclude from these experiments 
that casein recovered from the hydrolysate is practically identical in 
its solubility in NaOH with the original casein.  If an excess of alkali 
(5)  increases the maximum base-combining capacity of casein, this 
increase is not at the expense of acid groups involved in the passage 
of this protein into solution.  By hydrolysis of the  sodium salt  of 
casein, no body bearing a resemblance to paracasein was obtained. 
It is possible to conclude that the hydrolysis promoted by an excess 
of NaOH  is  not  identical to  the reaction promoted by rennin  or 
pepsin. 
We hope, in the future, to extend these observations to the hy- 
drolysis of casein in the presence of Ca(OH)~. 
V. 
Paracasein  Preparation  VI. 
In the preceding investigation upon the property of paracasein (1) 
we found that one of the six paracasein preparations studied, namely, 
Preparation VI, dissolved in NaOH at a rate of 1700 gin. per tool of 
base added.  The combining capacity of this preparation was found 
to  be different from the others, whose combining weights average 
around 1450 gin.  Several explanations may be presented to account 
for the property of this preparation.  It may be supposed that this 
preparation is an intermediary product of the reaction of rennin upon 
casein.  That is, upon further action of rennin upon this preparation 
we should expect as a result a modification of casein having the com- 
bining weight of 1450 gin.  Another explanation may be sought in the VLADIMIRPERTZO~F  249 
supposition that the preparation is a  mixture of natural casein and 
paracasein.  In this case, when a given amount of this preparation is 
dissolved by NaOH, the combining capacity should not remain a con- 
o 
/ 
/ 
, , () 
/ 
X-EXp.  4 
O-  "  ZO 
LX"  "  47 
0  z~O  4oO  6o0  8oo  to~ 
HOI~ xiO  "~ NoOil Added 
FIG. 3.  The solubility of Paracasein VI R in NaOH. 
stant, since according to this explanation we have present two chemi- 
cal individuals, one having the combining capacity of 2100 gin. and the: 
other  1450  gin. 250  EFFECT  OF  RENNIN UPON CASEIN.  II 
In order to study the effect of rennin upon Paracasein VI, 6 gin. of 
this preparation were brought to pH 6.8 by the addition of NaOH. 
0.01 gin. of Hansen's salt-free rennin preparation was  added  and  the 
solution kept at 27°C. for 24 hours.  The preparation was then pre- 
cipitated and purified in the same way as has been already described 
(1).  The suspension was then made to contain 30 rag. of nitrogen per 
TABLE IV. 
The Solubility of Paracasein Preparation VI R  in NaOH at 25°C. 
Amount of paracasein: 30 mg. N. 
Experiment No. 
(1) 
22 
54 
22 
54 
57 
22 
54 
57 
56 
57 
56 
57 
56 
Date 
(2) 
Aug. 3, 1926 
Feb. 16, 1927 
Aug. 3, 1926 
Feb.  16, 1927 
Mar. 14  " 
Aug.  3,  1926 
Feb.  16,  1927 
Mar. 14  " 
Feb.  16  4, 
Feb.  19  " 
Mar. 14  " 
Feb.  19  " 
Mar. 14  " 
Feb.  19  " 
Time for 
equilibration 
(3) 
hrs. 
4 
20 
4 
20 
4 
20 
47 
20 
47 
20 
47 
Amount of NaOH 
added 
(4) 
moJs X  10-s 
1.00 
2.00 
4.00 
~c 
6.00 
c~ 
8.00 
10.00 
c~ 
Solubility  rag.  IN 
dissolved per I00 
gin.  of  HsO 
(S) 
3.1 
2.8 
5.5 
5.7 
5.8 
10.9 
11.2 
11.9 
10.8 
15.9 
16.3 
20A 
25.6 
25.1 
100 cc. and its solubility in NaOH at 25°C. investigated.  The results 
of these  experiments are  recorded in  Table  IV  and  the  combining 
weight calculated from these data in Fig. 3. 
The following conclusions may be drawn  from these  experiments. 
First, the combining capacity of this preparation did not change appre- 
ciably after treatment by rennin, and furtherm6re every fraction of it 
(Fig. 3) is endowed with practically the same combining capacity with 
NaOH. VLADIMIR PERTZOFF  251 
This preparation did not show any sign of modification after being 
kept for a long time at the isoelectric point at 5°C.  Solubility experi- 
ments carried after an elapse of 7 months (Table IV) indicated the 
same solubility.  Similarly, the solubility of Paracasein II was found 
to be unaffected by time.  Therefore, it is plausible to conclude that 
paracaseins  are  relatively  stable  bodies. 
The result of this investigation indicates that it is probable that 
Paracasein VI is not a  mixture of casein and paracasein, and is not 
appreciably modified in the form of a sodium salt by a further treat- 
ment by rennin. 
V~o 
Is  Casein  Stable  in Regard  to Its  Solubility  in  NaOH? 
The preparation of paracasein takes on the whole 1 week more than 
the preparation of casein.  If casein is unstable, it may be supposed 
that paracasein is nothing more than a  denatured casein, denatured 
by being kept longer, but not denatured by rennin or pepsin. 
Our experience with the solubility of casein in NaOH indicates that 
casein is a fairly stable body, keeping its qualities a good many weeks 
after its preparation.  This question, however, is of such importance, 
that we decided to check up once more our evidence concerning the 
stability of casein.  For this purpose Casein Preparation XXV, avail- 
able in sufficient quantity, was selected.  It was prepared in October, 
1925, from non-pasteurized milk, by the method already described in 
detail  (2).  From that time on it was kept under toluene at about 
5°C.  In July, 1926, the preparation was dissolved to pH 6.3 and re- 
precipitated, washed Cl-free,  and used in  part  for  some  solubility 
measurements. 
In June, 1927, the preparation was washed six times with distilled 
water and the experiment reported in Table V was undertaken.  The 
results of this experiment indicate that Casein XXV after 1 year and 
7 months still possessed a combining weight of about 2100 gm. 
The conclusion may be drawn that casein is relatively stable in re- 
spect to its capacity to bind NaOH.  Paracasein, thus, in this case, 
cannot be regarded as a  product of denaturation of casein without 
the interference of rennin or pepsin. 252  EF]~ECT  OF  RENNIN  UPON  CASEIN.  II 
TABLE  V. 
The Solubility in NaOH of Casein Preparation XXV, Kept for I  Year and 
7 Months at 5°C. 
Temperature 25oc. 
Experiment 70. 
Time for equilibration:  20 hours. 
Amount of protein:  50 mg. N. 
NaOH added  Mg. N dissolved  Equivalent weight (by difference} 
(t)  (2)  (3) 
reals X  I0-~ 
2.00  5.25 
6.00  17.7  2000 
10.OO  31.2  2150 
Avenge  ...........................................  2075 
VII. 
SUMMARY  AND  CONCLUSIONS. 
The properties of the paraeasein  and  casein preparations  studied 
are  compared in Table VI. 
TABLE  VI. 
The Comparison of the Properties of Casein and Paracasein. 
Property 
(t) 
Solubility in NaOH:  gin. protein 
bound by 1 tool 
Same.  Gin. protein dissolved by  1 
tool (with small amounts of Na0H) 
Solubility in water in uncombined 
state: rag. N per liter 
Titration  curve  in  the  solubility 
range 
Maximum  b~se-binding  capacity, 
tools NaOH per 1 gin. 
Teropel 
ture 
(2) 
°C. 
25.0 
5.0 
64-1 
22-,l--2 
21+2 
Cameln 
(3) 
2100  (2) 
1300  (3) 
7.0  (3) 
Weaker acid than 
paracasein 
From  136  to  I66 
×  10  ~  mols 
NROH per I gin. 
(5) 
Paraca~eia 
(4) 
1450  (1) 
(1650) 
SlO  (1) 
6.8  (1) 
Stronger acid than 
casein 
From 164 to 180  X 
10  ~  tools NaOH 
per Igm. 
Certain  other problems dwelt upon  in  this  investigation  may be 
summarized  as follows: VLADTMrR  PERTZOFF  253 
I.  Casein retains its characteristic solubility in NaOH:  (1)  after 
being exposed to a high degree of alkalinity during its preparation, 
(2) when recovered from partially hydrolyzed solutions in NaOH, and 
(3)  after being kept for a  prolonged time at the isoelectric point at 
5°C. 
II.  It follows from I, that:  (1) paracasein is not identical to casein 
modified by an excess of alkali, and that (2) this protein was not pro- 
duced from casein by a partial hydrolysis of the latter in presence of 
NaOH. 
I am indebted to Dr. E. ]. Cohn for helpful advice and encourage- 
ment throughout the research upon paracasein.  I am also indebted 
to Miss R. E. L. Berggren for technical assistance. 
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